Abstract. Promitochondria of anaerobically grown Saccharomyces cerevisiae were selectively labeled in vivo by incubating the cells with [3H ]leucine and cycloheximide. When the labeled cells were washed free of cycloheximide and adapted to oxygen in the presence of unlabeled leucine, the respiring mitochondria formed during adaptation proved to be radioactive. In contrast, only insignificant label was found in iso-1-cytochrome c which is synthesized de novo during adaptation. Respiratory adaptation of anaerobically grown yeast thus involves differentiation of promitochondrial organelles.
The facultative anaerobic yeast, Saccharomyces cerevisiae, represents an attractive experimental system for studying the biogenesis of mitochondria. If grown aerobically in low concentrations of glucose, the cells possess an active respiratory chain and many well-defined mitochondria. In contrast, the anaerobically grown cells lack a functional respiratory chain but adaptively regain it upon aeration. ' Our previous studies have shown that anaerobically grown yeast cells contain mitochondrialike particles.2 This suggested to us that the formation of functional yeast mitochondria during respiratory adaptation involved the differentiation of incomplete "promitochondria."2'3 We now describe a labeltransfer experiment which demonstrates physical continuity between promitochondria and respiring yeast mitochondria and thus proves a precursor-product relationship between these organelles.
Materials and Methods. Yeast strains: The wild type Saccharomyces cerevisiae strains DT XII (Pp+, diploid, ref. 4 ) and D 273-1OB (aPp+, haploid, ref.
2) as well as the corresponding cytoplasmic "petite" mutants DT XII a and D 273-lOB-1 were grown anaerobically to the early stationary phase in the presence of 0.3% glucose, Tween 80, and ergosterol.2 In a few specified instances, the concentration of glucose was 10% and supplementation of the medium with Tween 80 and ergosterol was omitted. Parallel labeling experiments with the two sets of strains gave essentially identical results.
Labeling procedures: The conditions for the selective labeling of promitochondria in vivo with ['H]leucine and the subsequent chase with unlabeled leucine have already been specified in a preliminary communication. ' Adaptation of the labeled cells: After labeling, the cells were washed six times at 0C with 40 mM Pi (pH 7.4)-0.3% glucose-20 mM unlabeled leucine and suspended to 20 mg (wet weight)/ml in ice-cold adaptation buffer (40 mM Pi (pH 7.4)-20 mM unlabeled leucine-1% ethanol and 0.3% glucose). One half of this suspension was shaken for 8 volving electron microscopy, however, homogenates and (pro)mitochoindria were prepared by the protoplast method of Kovdc et al. 4 Isolation of iso-l-cytochrome c from adapted cells: We followed the procedure of Sherman et al. 6 Electron microscopy: Method A: Freeze-substitution was conducted as described in reference 7 with the following modifications: (a) the substitution medium was ethylene glycol-50% glutaraldehyde (4:1), followed by a graded series of acetoneethylene glycol mixtures, ending with three changes (1 hr each) in 100% acetone; (b) the epoxide resin Durcupan ACM (Fluka AG.) was used for embedding. Sections were stained for 3 hr with 2% aqueous uranyl acetate, followed by 2 min in alkaline lead citrate. 8 Method Anaerobically grown cells of DT XII a were labeled as outlined under Materials and Methods except that one aliquot of the cells was labeled in the presence of cycloheximide and 4 mg/ml chloramphenicol. Only the specific radioactivities are given since the impaired binding of mitochondrial ATPase to the mutant promitochondria2 made it impossible to measure the concentration of these particles in the homogenates. This result strongly suggested a physical continuity between promitochondria and respiring mitochondria. However, our evidence at this point was still ambiguous since roughly 50% of the promitochondrial label had been lost during adaptation. A priori, this loss might be explained by one of the following mechanisms: (a) Differentiation of promitochondria, followed by multiplication of the respiring mitochondria in the unlabeled medium. (b) Degradation of (labeled) promitochondrial membranes and simultaneous de novo formation of (unlabeled) respiring mitochondria. (c) Differentiation of promitochondria and concomitant turnover of (pro)mitochondrial proteins.
The first possibility could be excluded since, under our conditions, respiratory adaptation did not significantly increase the specific activity of F-ATPase of the homogenates (see also ref.
2). The second possibility, too, proved to be unlikely since cells incubated under nitrogen after the initial labeling period lost (Fig. 2) indicated a highly significant association of radioactivity with the stained vesicles; the radioactivity was distributed both on the limiting membranes and within the interior (Fig. 3) . The grain density outside the rings was somewhat higher than that expected purely on the basis of radiation spread from the radioactive vesicles. equally reliable yet are applicable to ultrathin sections. Either of the two procedures outlined under Materials and Methods visualized mitochondrial membranes in negative contrast in almost every cell (Figs. 4-9) . Well-defined promitochondrial images could be observed even after mitochondrial development had been maximally repressed by a combination of anaerobiosis, a high concentration of glucose, and the absence of unsaturated lipids. For the sake of comparison, Figure 10 shows that conventional fixation of yeast mitochondria with OSO4, followed by lead staining, results in very poor membrane contrast. The electron micrographs shown here further support the earlier conclusion2 3",7 that anaerobically grown yeast cells always retain their mitochondrial structures.
Discussion. The present study shows that the nonrespiring promitochondria of anaerobically grown yeast cells can be transformed into respiring mitochondria. This conclusion rests on a label transfer experiment in which molecules initially present in one type of structure were recovered in another. Although the labeled membrane proteins which served as our markers have not yet been characterized, they are rather insoluble and tightly associated with the promitochondrial inner membrane. ' 19 Their transfer to another membrane type can thus be taken as evidence for physical continuity, especially since a redistribution of label via the free leucine pool could be ruled out.
Our data leave little doubt that respiring mitochondria can arise from promitochondria. Although we can not exclude other mechanisms of mitochondrial formation, we consider it rather unlikely that the assembly of functional mitochondria during respiratory adaptation involves the simultaneous operation of different pathways.
